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© Glucose dehydrogenase and method for its production. 

© A novel glucose dehydrogenase usable for glucose determination in clinical examinations and to a method 
tor producing same. The glucose dehydrogenase according to the present invention is an NAD(P)-dependent 
enzyme obtained from the genus Pseudomonas, which is stable to heat of up to 50 *C and permits use of both 
NAD and NADP as a coenzyme, and is useful as an enzyme for clinical use. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a novel glucose dehydrogenase usable for glucose determination in 
clinical laboratory tests and to a method for producing same. 

Promoted by the recent spread of clinical examinations, glucose dehydrogenases usable for glucose 
determination have been in great demand. In particular, development of a glucose dehydrogenase which is 
excellent in thermal stability is desired in the field of dry chemistry among the fields of clinical examina- 
tions. 

Presently-available glucose dehydrogenases usable for clinical examinations are glucose de- 
hydrogenase (EC1.1.1.47) derived from the genus Bacillus and glucose dehydrogenase (EC1 1 1 119) 
derived from the genus Cryptococcus. The former is an enzyme which catalyzes the reaction of 0-D- 
glucose* NAD(P) -D-6-gluconolactone + NAD(P)H + H\ and the latter is an enzyme which catalyzes the 
reaction of D-glucose + NADP -5-gluconolactone + NADPH + hf. For use in clinical examinations, the glu- 
cose dehydrogenase (EC1 .1.1.47) capable of using both NADP and NAD as a coenzyme is more preferable 
than the glucose dehydrogenase (EC1 .1.1.1 19) capable of using NADP solely as a coenzyme 

Yet. every glucose dehydrogenase (EC1.1.1.47) presently available on the market is unstable to heat 
and development of a glucose dehydrogenase superior in thermal stability as an enzyme for clinical 
examinations, particularly for dry chemistry, has been desired. 

While the origin of the conventional glucose dehydrogenase (ECU. 1.47) has been known to be various 
20 bacteria such as the genus Bacillus and animal livers (see Koso Handobukku, 9th ed., p 19 As- 
akurashoten), an NAD(P)-dependent glucose dehydrogenase derived from the genus Pseudomonas has not 
been known. In addition, the known glucose dehydrogenase produced by the bacteria belonging to the 
genus Pseudomonas is an NAD(P) non-dependent glucose dehydrogenase (ECl.1.99a) [Methods in 
Enzymology, vol. 9, 92-98 (1966), Agric. Biol. Chem., 44 (7), 1505-1512 (1980)] which is difficult to use in 
25 clinical fields. 

SUMMARY OF THE INVENTION 

The object of the invention is to provide an NAD(P)-dependent glucose dehydrogenase having high 
30 thermal stability, and a method for producing same. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows relations between pH and activity of the glucose dehydrogenase of the invention wherein 
35 # (6.0-8.0) is phosphate buffer, O (7.5-9.0) is Tris-HCI buffer and - (8.5-10.5) is carbonate buffer. 
Fig. 2 shows relations between temperature and activity. 

Fig. 3 shows relations between pH and activity upon 16 hours' treatment at respective pHs at 20 'C 
wherein • (4.0-6.0) is acetate buffer, O (6.0-8.0) is phosphate buffer, - (7.5-9.0) is Tris-HCI buffer and □ - 
(8.5-10.5) is carbonate buffer. 

Fig. 4 shows relations between temperature and activity upon 15 minutes* treatment at respective 
temperatures at pH 7.0. 

DETAILED DESCRIPTION OF THE INVENTION 
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45 The present invention provides a glucose dehydrogenase derived from the genus Pseudomonas which 
catalyzes the following reaction, and a method of producing the glucose dehydrogenase, comprising culture 
of a bacterium capable of producing the glucose dehydrogenase derived from the genus Pseudomonas 
which catalyzes the following reaction, and harvesting said glucose dehydrogenase from the culture. 

so ^-D-glucose + NAD(P)*-*D-5-gluconolactone + NAD(P)H + H* 

Any strain belonging to the genus Pseudomonas can be used in the present invention, with preference 
given to the Pseudomonas sp. FH1227 strain belonging to the genus Pseudomonas, collected from the soil 
in Tsuruga-shi, Fukui, Japan by the present inventors. 
55 Mycological properties of the Pseudomonas sp. FH1227 strain mentioned above are as follows. 

I. Morphological properties 
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It is a bacillus having a size of 2.5x0.7 by culture at 3CTC for 20 hours in broth agar medium, which 
shows negative in Gram staining and has motility. 

II. Growth in various media 

5 

(1) broth agar plate culture 

It forms a round colony with a diameter of 1-3 mm by culture at 30 "C for 24 hours. The surface is 
smooth and glossy, the upheaval is in thin, flat round, the colony is homogeneous, opaque and pale flesh in 
w color, forming no soluble dye or fluorescent dye. 

(2) broth agar slant culture 

It grows well on the slant front by culture at 30' C for 24 hours. The cell color is pale flesh. 

(3) broth liquid culture 

It grows well by shaking culture at 30 'C for 16 hours, but grows little by standing culture. 
20 (4) broth agar stab culture 

It grows well in the upper agar but grows poor at a depth by culture at 30 * C for 24 hours. 

(5) growth temperature 

It grows at a temperature between 25 'C to 42 'C by shaking culture in broth liquid medium, with the 
best growth at around 37° C. 

(6) growth pH 

30 

It shows good growth at a pH between 6 and 8 by shaking culture in broth liquid medium. 

III. Physiological properties 

35 

( 1 ) ni trate reduct ion 

(2) deni trif icat ion 
40 (3) fi-galactosidase 

(4) arginine dihydratase 

45 



positive 
negative 
negative 
negative 
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(5) 


lysine decarboxylase 


nega t i ve 


5 


(6) 


ornithine decarboxylase 


i leg a L i vc 




(7) 


ci trate ut i 1 ization 


n act of i w /*\ 
1 Itrga L I Vti 




(8) 


hydrogen sulfide production 




10 


(9) 


urease 


llcga I I Ve 




( 10) 


trvntnnhfin Hoflminaca 


negat i ve 


15 


(11) 


VP test 


pui* i l i ve 




(12) 


gelatin decomposition 


pUo 1 I 1 vti 




\ 1 o / 


OP tact 


nonfermentati ve 


20 


{H) 








catalase 


pos i t i ve 




(15) 


oxidase 


negat i ve 


25 


(16) 


acid formation from sugar 


no formation from 
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glucose, mannitol, inositol, D-sorbi to inos i tol , D-sorbitol, L- 
rhamnose, saccharose, D-raelibiose and D-amygdal i n; formation 
from L-arabinose 

(17) dye formation no formation of 

soluble dye, fiuolescent dye 

(18) against oxygen aerobic 

(19) Tween decomposition negative 

(20) need for vitamin or amino acid no particular need 



The experiment methods for the identification of mycological properties mentioned above were in 

Celr ^T!" ? T rUi t0 DOUte '' 6dited 3nd aUth0fed by Takeharu Hase 9 awa . Gakkai Shuppan 
Center (1975). The standards for classification and identification were employed in reference to Barney's 
Manual of Systematic Bacteriology, Vol. 1 (1984). oargey s 

Based on the above literatures and various mycological properties as described, the FH1 227 strain is 
50 P° S S^nl° be wv, ,0 ^ 96nUS Pseudomonas - Edition, the FH1227 strain coincides well with 
SfT I f JT eXCep ' dye '° rmation Thus - the present strain was ™»™* Pseudomonas sp 
ht "I ? $ » been deP0$ited at the Fermerrtation ^search Institute, Agency of Industrial 
Science and Technology, Mimstry of International Trade and Industry. Japan under the accession number 

In the present invention, any nutrient medium usually employed can be used. As the carbon sources 
used are vanous monosaccharides including glucose, and various organic acids such as succinic acid and 
malic acd. As the natural nutrition sources, used are peptone, yeast extract, meat extract and so on and as 
nitrogen sources, there may be used inorganic nitrogen sources such as ammonium sulfate and ammonium 
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chloride. As inorganic salts, there may be mentioned potassium phosphate, potassium chloride, sodium 
chloride and magnesium sulfate. These nutrition sources can be used alone or in combination. 

The strain can be normally cultured by shaking culture or aeration spinner culture. Generally, culture 
temperature preferably ranges from 25 *C to 37* C and pH of the medium is preferably in the range of 5.5- 

5 7.5. Ganeraly, culture for 18 to 24 hours produces and accumulates glucose dehydrogenase (EC1.1.1.47) in 
the cells. Culture conditions are naturally such that permits maximum production of the glucose de- 
hydrogenase (EC1. 1.1.47) according to strains and medium compositions to be employed. In harvesting the 
glucose dehydrogenase (EC1. 1.1.47) produced and accumulated according to the present invention, cells 
are collected by centrifugation and filtration of the culture, and crushed by beads disintegration, ultrasonic 

w disintegration, lytic enzyme treatment, or the like. It is desirable that the most efficient extraction method be 
employed according to the strains to be used. The glucose dehydrogenase (EC1.1.1.47) can be separated 
from the crude enzyme solution thus obtained by a method conventionally employed for enzyme purifica- 
tion. Examples of such method include polyethylene imine treatment, ammonium sulfate salting out 
isoelectric precipitation, ion exchange chromatography, gel filtration, hydrophobic chromatography and so 

75 on, which may be used in combination. For example, a crude enzyme solution is centrifuged to give a 
supernatant. Thereto is added polyethylene imine, thereby removing the nucleic acid, and a supernatant is 
obtained. The fraction (0.5-0.7 saturation) salted out with ammonium sulfate is obtained from the super- 
natant. The fraction is desalted and concentrated by Sephadex G-25 gel filtration, after which it is adsorbed 
on DEAE Sepharose CL 4B ion exchanger and eluted. The active fraction is adsorbed on Phenyl Toyopearl 

20 650M and eluted. The active fraction is desalted by Sephadex G25 gel filtration and the active fraction is 
recovered to separate highly-purified glucose dehydrogenase (EC1.1.1.47). 

Examples of physicochemical properties of the glucose dehydrogenase of the invention are as follows. 

(1 ) Action 

25 

The enzyme of the invention produces 1 mole of D-5-gluconolactone and 1 mole of NAD(P)H* from 1 
mole of jS-D-glucose and 1 mole of NAD(P). 

(2) Substrate specificity 

30 

As shown in Table 1 below, the enzyme of the invention specifically acts on 0-D-glucose and 2- 
deoxyglucose. 

Table 1 

35 



Substrate (100 mM) 


Relative activity (%) 


0-D-glucose 


100.0 


L-glucose 


0.0 


xylose 


8.9 


2-deoxy-glucose 


119.7 


L-sorbose 


0.3 


D-mannose 


2.4 


D-fructose 


0.8 


D-galactose 


0.1 


D-lactose 


1.2 I 


D-sorbitol 


0.1 


D-mannitol 


0.0 


saccharose 


0.0 ; 


inositol 


0.2 


maltose 


3.9 ; 



(3) Optimum pH 

The enzyme of the invention exhibits high activity at the pH range of 8.5-9.0 as shown in Fig. 1. 

(4) Optimum temperature 
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The optimum temperature of the enzyme of the invention is 55 • C as shown in Fig. 2. 

(5) pH stability 

The pH stability upon 16 hours' treatment of the enzyme of the invention at 20- C and at various pHs is 
given in Fig. 3. As is evident therefrom, the enzyme of the invention is stable at the pH range of 6.0-7.5. 

(6) Thermal stability 

The thermal stability upon 15 minutes' treatment at pH 7.0 and at various temperatures is given in Fig 
4. As is evident therefrom, the enzyme of the invention is stable up to 50 * C. " 

(7) Inhibitor 

As shown in Table 2 below, the enzyme of the invention was inhibited by silver nitrate, mercury chloride 
and monoiodoacetate. 



Table 2 



Inhibitor 


Concentration 


Relative activity (%) 


non added 




100.0 


silver nitrate 


2.0 x 10~ 3 M 


7.1 


mercury chloride 


2.0 x 10 _3 M 


5.9 


monoiodoacetate 


2.0 x 10~ 3 lvl 


0.4 



(8) Km value 

The Km value of the enzyme of the invention to £-D-glucose is either 1.38 x 10" 2 M (coenzyme NAD) 
?0^M 5 (NADpT (C ° en2yme NADP)> 3nd the Km Va,Ue t0 the coen2 V m e 'S 3.08x10-*M (NAD) or 4.07 x 

(9) Molecular weight 

G3000SW nZyme ° f inVenti ° n 3 mOl0CU,ar weight of about 101 ' 00 ° b V 9* fi,t ^°n ^ing TSK gel 

(10) Isoelectric point 

The isoelectric point of the enzyme of the invention is about 4.5 by ampholyte isoelectric focusing. 

(11) Enzyme activity determination 

The enzyme activity was determined by taking the enzyme activity producing 1 micromole of NADH 
per 1 minute under the conditions mentioned below as 1 unit 

Reagent: 

(A) 0.1 M Tris-HCI buffer, pH 8.0 

5 In M D ~ 9,ucose so,ution Spared by dissolving 27.02 g of D-glucose in 100 ml of distilled water) 

(C) 80 mg/ml NAD solution (prepared by dissolving 80 mg of NAD trihydrate in 1 ml of distilled water 
which is to be prepared when in use) 

(D) Enzyme solution (prepared by diluting a standard enzyme to 0.8-1.2 U/ml with previously ice-cooled 
50 mM phosphate buffer, pH 7.0) 

Procedure: 
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1. The following reaction mixture is prepared in a cuvette (d = 1 cm) and preheated at 37 °C for about 5 
minutes. 

(A) Solution 2.6 ml 

(B) Solution 0.3 ml 
5 (C) Solution 0.1 ml 

2. An enzyme solution (0.05 ml) is added thereto, and the mixture is gently stirred. The change of 
absorbance at 340 nm is recorded for 5 minutes using a spectrophotometer controlled at 37 °C with 
water as the control. The change of absorbance per 1 minute is estimated on the basis of the linear 
portion from minute 2 to minute 5. (AOD test) 

10 3. The blank test is conducted by following the same procedure as above except that 0.05 ml of a 
diluted enzyme solution (with phosphate buffer, pH 7.0) is used in place of the enzyme solution, to 
estimate the change in absorbance per 1 minute. (A OD blank) 

Calculation equation: 



AOD/min (AOD test-AOD blank) x 3. 05 x di lut ion 
U/ml = — — . — . 

6.22x1.0x0.05 
- AOD/minx9.807x dilution 
6.22 = millimole molar absorption coefficient of NADH (cm 2 /jiM) 
1.0 = optical path length (cm) 



Hereinafter, the glucose dehydrogenase of the invention is explained by way of examples. H %" means 
30 weight % (w/y) unless otherwise specified. 

Example 1 

Composition of Medium A 

35 1.0% glucose, 0.3% yeast extract, 0.3% polypeptone, 0.3% meat extract, 0.1% KH 2 PO*. 0.22% K2HPO4, 
0.05% MgS(V7H 2 0, pH 7.0 

Composition of Medium B i 

40 1.0% DL-malic acid, 1.0% yeast extract, 0.3% polypeptone, 0.2% meat extract, 0.1% KH 2 PO + , 0.22% 
K2HPO4, 0.2% NaCI, 0.05% MgS0 4 •7H 2 0, pH 6.0 

Medium A above (100 ml) was put in a 500 m!-Sakaguchi flask and sterilized in an autoclave at 121 *C 
for 15 minutes. One platinum loop of Pseudomonas sp. FH1227 (FERM BP-11618) was inoculated to 
Medium A above and subjected to shaking culture at 30* C for 24 hours, which was used as a seed culture. 

45 Said seed culture (60 ml) was inoculated to Medium B (6 1) sterilized under the same conditions, in a 10 t- 
jar fermentor, which was cultured at 480 rpm, aeration 2 t/min, 30 *C and pH control 7.5 for 18 hours. The 
glucose dehydrogenase (EC1.1.1.47) activity of the culture obtained was 1.2 U/ml. The culture (6 t) was 
centrifuged, and the cells were collected and suspended in 50 mM phosphate buffer (pH 7.0). The 
suspension (1 i) was crushed by French Press disintegrator (Minilabo, Dainippon Pharmaceutical Co., Ltd.). 

50 To the solution containing the disintegrated cells were added polyethylene imine and 0.1 M NaCI having the 
final concentration of 0.12%. and the mixture was gently stirred at room temperature for 15 minutes and left 
standing. The mixture was centrifuged to give a supernatant, to which ammonium sulfate was added in such 
an amount that makes the supernatant 0.5 saturation, and the mixture was centrifuged to give a supernatant. 
To the supernatant was added ammonium sulfate to make the supernatant 0.7 saturation, which was then 

55 centrifuged to give precipitate. The precipitate was redissolved in 140 ml of 50 mM phosphate buffer, pH 
7.0. The redissolved solution was desalted by Sephadex G-25 column (1.51) equilibrated with 50 mM 
phosphate buffer, pH 7.0. The desalted solution was adsorbed on DEAE-Sepharose CL-4B column (50 ml) 
and eluted with the 0-0.3 M NaCI gradient. Ammonium sulfate was added to make the eluate 0.4 saturation, 
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and the insoluble matter was separated by centrifugation to give a supernatant, which was then adsorbed on 
10 ml of Phenyl Toyopearl 650M equilibrated with 50 mM phosphate buffer, pH 7.0 containing ammonium 
sulfate added for 0.4 saturation, and eluted with the 0.4-0 saturation ammonium sulfate gradient and the 0- 
10% ethylene glycol gradient. The eluate was concentrated by ultrafiltration and desalted with Sephadex G- 
25 column (100 ml) equilibrated with 50 mM phosphate buffer, pH 7.0 to give an active fraction. The relative 
activity of the active fraction was about 120 U/mg protein. The physicochemical properties of the glucose 
dehydrogenase thus obtained were as mentioned above. 

The glucose dehydrogenase according to the present invention is an NAD(P)-dependent enzyme 
obtained from the genus Pseudomonas, which is stable to heat up to 50 'C and permits use of both NAD 
and NADP as a coenzyme, and is useful as an enzyme for clinical use. 

Claims 

1. A glucose dehydrogenase derived from the genus Pseudomonas, which catalyzes the followina 
reaction. a 

0-D-giucose + NAD(P) + — D-5-gluconolactone + NAD(P)H + H * 

2. A glucose dehydrogenase according to Claim 1, which retains at least 90% residual activity after 
treatment at 50 * C for 1 5 minutes. 

3. A method for producing a glucose dehydrogenase, comprising culture of a bacterium producing the 
glucose dehydrogenase belonging to the genus Pseudomonas and which catalyzes the following 
reaction, and harvesting said glucose dehydrogenase from the culture. 

/?-D-glucose + NAD(P)* — D-5-gluconolactone + NAD(P)H + H* 

4. A method for producing a glucose dehydrogenase according to Claim 2, wherein the bacterium 
producing the glucose dehydrogenase is the Pseudomonas sp. FH1227 strain (FERM BP-11618). 
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Temperature (°C) 



EP 0 477 788 A1 




EP 0 477 788 A1 




J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 91 11 6001 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of 



of rc 



Relevant 
to I 



CLASSIFICATION OF THE 
APPLICATION (lot CL5 ) 



EP-A-0 098 136 (EXXON RESEARCH AND ENGINEERING 
COMPANY) 

* page 1, line 1 - page 9. line 24 * 

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 
vol. 107. no. 13. 26 June 1985. WASHINGTON OC, 
USA 

pages 4028 - 4031; 

C. WONG ET AL.: 'Enzymatic vs. fermentative 
synthesis: Thermostable glucose dehydrogenase 
catalyzed regeneration of NAD(P)H for use In 
enzymatic synthesis. 1 

* abstract * 

FR-A-2 244 762 (rCIJI SEIKA KAISHA) 

* page 2, line 28 - page 3, line 2 * 



1-4 



1-4 



C12N9/04 
//(C12N9/04; 
C12R1:38) 



1-4 



TECHNICAL FIELDS 
SEARCHED Out. CL5) 



C12N 



The present search report has been drawn up for all dains 



Flamef a 
THE HAGUE 



D«U •{ CM^Uttoa ml Um mm 

23 JANUARY 1992 



N00IJ F.J.M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined wit* another 

document of the sane category 
A : technological background 
O : non-written disdosare 
P : intermediate document 



T : theory or priadple underlying the Invention 
£ : earlier patent document, hut published on, or 

after the filing date 
D : document dted in the application 
L : document dted for other reasons 

A : member of the same patent family, corresponding 
document 



